High recanalization rates achieved with endovascular procedures are not always followed by the expected clinical improvement. These time-consuming procedures imply a delayed reperfusion despite the capacity of earlier intravascular microcatheter bypass to the ischemic tissue beyond the clot. We aimed to explore the safety and feasibility of MOB beyond the clot.
R ecanalization, spontaneous 1 or pharmacologically induced, 2 of a major intracranial vessel after stroke is not infrequent; however, it usually occurs too late for tissue salvage. Final infarct extension and outcome strongly depend on the time of ischemia elapsed between initial vessel occlusion and recanalization. 3 Approved therapies such as IV-tPA 4,5 or direct catheter-mediated clot retrieval [6] [7] [8] aim to advance recanalization in time and restore blood flow in the penumbra before irreversible damage occurs. Until blood flow is restored, "time is brain" 9 ; therefore, any measure that will reperfuse the endangered penumbral brain will potentially "buy time" until recanalization is achieved.
The high rates of arterial recanalization achieved with endovascular procedures are not always accompanied by the expected clinical improvement. 8 During IA revascularization procedures, microcatheter access to the clot and to the distal vasculature beyond the occluding thrombus is usually achieved within minutes from procedure initiation. Unfortunately, the time invested to achieve final recanalization either with IA-tPA or mechanical clot retrievers is usually much longer; this time span implies a delayed reperfusion of the penumbral tissue. Anecdotal cases suggested intermittent MOB beyond the occluding clot as a possible neuroprotective strategy. 10 We aimed to explore the safety and feasibility of repeated MOB beyond the occluding clot.
Materials and Methods
Consecutive patients with acute stroke undergoing endovascular procedures were studied. At patient arrival to the emergency department, a complete evaluation was performed by the neurologist on call, including a complete sonography evaluation (carotid arteries and TCD). 1 Eligible patients were treated with IV-tPA before the IA procedure. Patients with a persistent arterial occlusion at the end of IVtPA infusion or with contraindications to receive IV-tPA were treated with endovascular procedures. When clinical status allowed, a conscious sedation protocol, avoiding intubation, was preferred. Heparin was administered following femoral artery puncture as a 2000-to 3000-U IV bolus. Only patients with angiographically documented ICA or MCA occlusion were included in the study. Typically, once the arterial occlusion was angiographically confirmed, a 2.9-2.7F tapered Progreat microcatheter (Terumo, Tokyo, Japan) was advanced through the guiding catheter to the proximal aspect of the clot. Then attempts to cross the thrombus with the microcatheter were made to perform a microcatheter contrast injection to identify the distal aspect of the clot and the patency of the vasculature beyond the occlusion.
Interventionalists used repeated local 3-to 5-mg tPA injections (to a maximum of 20 mg), mechanical clot disruption with the guidewire, and/or the Merci retriever (Concentric Medical, Mountain View, California), according to their preferences and patient characteristics. The predefined protocol, approved by the local ethics committee, indicates procedure termination when recanalization is achieved or at 6 hours from symptom onset. Timing of all procedural steps was recorded (Fig 1) . After time measurements were made in an initial group of patients (n ϭ 40), we explored the safety and feasibility of performing repeated injections of oxygenated blood immediately obtained from the femoral artery in a second group of consecutive patients. When the clot could not be crossed with the microcatheter, patients were included in the "No MOB" group (n ϭ 3). We finally included 43 patients in the "no MOB injections" group and 17 patients in the MOB group.
In the MOB group, after angiographic confirmation of postocclusion arterial patency, 10 -50 mL of oxygenated blood was manually injected (approximate flow rate, 40 mL/min) through the microcatheter beyond the occlusion every time the clot was crossed during the intervention. Pre-and postocclusion flow was continuously monitored with TCD during the procedure 11 (PMD100 Digital Transcranial Doppler System; Spencer Technologies, Seattle, Washington), and all changes were recorded. Recanalization was assessed with the TIMI grading score 12 at the end of the procedure. For analysis purposes, we considered successful recanalization a TIMI score Ն2. Neurologic status was assessed by a certified neurologist on the patient's arrival, at 12 hours, 24 hours, and at discharge by using the NIHSS. 13 A 24-hour CT scan determined the presence of hemorrhagic transformation. We considered hemorrhagic transformation as symptomatic if a neurologic worsening (NIHSS increase, Ն4 points) was accompanied by the presence of blood on follow-up CT. The mRS 14 was used to assess clinical outcome at 90 days. The study was approved by local ethics committee.
Statistical Analysis
Descriptive and frequency statistical analyses were obtained and comparisons were made by using the Statistical Package for the Social Sciences, Version 15.0 (SPSS, Chicago, Illinois). Statistical significance for intergroup differences for categoric variables was assessed by a 2 test. For continuous variables, the Mann-Whitney U test was used. P Ͻ .05 was considered statistically significant.
Results
We studied 60 consecutive patients undergoing urgent endovascular procedures (mean age, 70 Ϯ 11 years; median NIHSS score, 20; IR, 18 -21). Other baseline variables are shown in the Table. Thirty-three patients (55%) received IV-tPA before the endovascular procedure. The occluded arteries were the MCA (63.3%, n ϭ 38) and the ICA (36.6%, n ϭ 22). The mean time from symptom onset to arterial puncture was 193 Ϯ 77 minutes. The occluding clot was successfully crossed with the microcatheter in 46 patients (76.6%). In these patients, the mean time from femoral artery puncture to microcatheter access to distal vasculature was 25 Ϯ 21 minutes. Recanalization could be achieved in 44 patients (73.2%) with a mean time from symptom onset of 328 Ϯ 144 minutes. The mean time from first microcatheter clot crossing to final recanalization was 122 Ϯ 59 minutes. Repeated manual injections of MOB were performed in 17 patients. Patients with and without MOB presented similar baseline characteristics (Table) . The median number of MOB injections was 2 (IR, 2-3), and the mean injected blood volume was 40 mL (IR, 27.5-50). The mean time from first MOB to final arterial recanalization was 136 Ϯ 86 minutes. During MOB, a nonpulsatile flow appeared in previously nonvisible distal branches on TCD display (Fig 2) . One patient receiving MOB experienced a symptomatic hemorrhagic transformation (5.9%) compared with 2 (4.7%) among patients not receiving MOB (P ϭ .845). Recanalization (MOB, 87.5% versus 67.5%; P ϭ .06) was achieved in a similar time from symptom onset (MOB, 350 Ϯ 49 versus 316 Ϯ 177; P ϭ .066). Median seventh day or discharge NIHSS was similar (MOB: median NIHSS score, 10; IR, 1.5-25 versus 13.5; IR, 2-30; P ϭ .657). However when we analyzed the clinical course in those patients in whom re- 
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Discussion
This exploratory study shows that microcatheter-mediated perfusion of the ischemic brain with oxygenated blood through the still-occluded artery is feasible and safe. Previous studies showed that in most acute stroke cases, recanalization, unfortunately, many times occurs 1,2 (spontaneous/later, induced/sooner) too late, leading to large final infarct lesions and disability or death. In the recently published data of the Penumbra Pivotal Stroke Trial, despite the fact that successful recanalization was achieved in Ͼ80% of patients, only 25% achieved an mRS Յ2 at 3 months. 8 The MOB technique theoretically allows transient reperfusion of ischemic penumbra, representing a "fresh gasp" that may "buy time" until accomplishing definitive reperfusion. In our group of patients, MOB could advance by up to 2 hours the first initial reperfusion compared with patients without MOB, without causing a delay in the time invested to achieve final recanalization.
On the other hand, manually induced blood flow may wash away potentially neurotoxic substances that are locally generated during ischemia or angiographic contrast material that has been reported to increase the rate of symptomatic hemorrhagic transformations. 15 Because in most cases, IV-tPA was administered, the perfused blood has a high fibrinolytic potential and may favor distal reflow in microvessels or lysis of smaller clots lodged in secondary branches. MOB, moreover, did not increase the rate of symptomatic hemorrhagic transformations, probably because intermittent oxygenated blood perfusion could help maintain the integrity of the blood-brain barrier. If future studies confirm our preliminary data, MOB could be tested to widen the therapeutic time window currently set at 6 -8 hours after symptom onset for anterior circulation strokes. The use of continuous TCD monitoring of the flow in the affected vessel confirms the establishment of blood flow in the otherwise stagnant arteries, adding a new indication for the use of TCD during IA procedures. 11 The idea of establishing catheter systems to reperfuse the brain across the occlusion was described and patented, 16 but to our knowledge, the technology was never applied beyond the initial prototype stage. Other studies theorized about inducing local hypothermia by perfusing cooling fluids beyond the clot to rapidly achieve the potential benefits of hypothermia, avoiding the systemic complications. 17 This technique could even overcome the major limitation attributed to systemic administration of neuroprotective drugs. If there is no flow into the ischemic brain, the tested drug will never reach its target, and this may contribute to the repeated deceptions harvested in successive neuroprotection clinical trials. In the future, neuroprotective drugs could be tested by direct local IA administration. Finally, a continuous blood perfusion pump could control and gradually increase the pressure at which blood is injected, avoiding reperfusion injury that seems to be associated with sudden recanalization, abrupt pressure rise, or hyperperfusion. 18 These systems could be set to continuously perfuse blood through a microcatheter while the neurointerventionalist focuses on recanalizing the artery by working with a second microcatheter. Preclinical animal models are being developed to determine the optimal features of a continuous perfusion system.
These results are preliminary and show only the feasibility and safety of the technique in a small, highly selected patient population. Our study was not designed and powered to determine the possible positive effects of MOB on outcome; however, a preliminary analysis showed an interesting trend toward better outcome in patients receiving MOB only when recanalization was achieved. This finding supports the hypothesis that MOB is beneficial by "buying time" only if final recanalization is achieved. Prospective studies taking into account baseline variables and total time of ischemia will assess the real clinical benefits of this promising technique.
Conclusions
In this small series, oxygenated blood delivered through a microcatheter positioned distal to the site of an occlusion was feasible and safe. Its use was associated with a trend toward better outcome. Further study is required to determine its value in the treatment of acute ischemic stroke
